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A quadratic programming optimisation is used to modulate an electron 
beam for spatial fluence and energy by optimising the weights of 
overlapping beamlets. (2) The 6MV X-ray beamlet weights are 
optimised to cover voxels not reached by the electron beam. (3) An 
iterative optimisation minimises a cost function designed to 
incorporate the advantages and limitations of the technique. A 
number of optimisation methods, including evolutionary algorithms, 
have been evaluated for the minimisation this cost function. 
Results: The algorithm has been tested for simple geometries and can 
produce conformal dose distributions with low dose to proximal 
structures and a high dose to the skin surface. In the central part of 
the electron field the algorithm successfully optimises the weights of 
electron beamlets to remove the large electron penumbra for the un-
modulated beam treated through the MLC. Electron energies are 
selected by the algorithm to optimise the dose with depth. Target 
volumes not covered by the electron field are covered by the 
compensating photon fields 
Conclusions: An IMRT mixed energy mixed modality optimisation 
algorithm has been developed to optimise dose with the electron field 
as an energy modulated boost delivered through photon MLC.  
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Purpose/Objective: The selection of appropriate radiation incidence 
directions may influence the quality of the treatment plans. However, 
many times in clinical practice, beam directions continue to be 
manually selected with consumption of large amounts of time and no 
guarantee of optimality. Some commercial treatment planning 
systems are designed to use local search and/or gradient-based 
algorithms in the beam angle space to address the beam angle 
optimization (BAO) problem. Due to the many local minima aspect of 
the BAO problem, such approaches are not efficient. We propose a 
novel approach that uses beam’s-eye-view ray tracing dose metrics 
within pattern search methods (PSM) in the optimization of the highly 
non-convex BAO problem. 
Materials and Methods: PSM are derivative-free optimization 
algorithms that require few function evaluations to progress and 
converge and have the ability to better avoid local entrapment 
making them a suitable approach for the resolution of the BAO 
problem. PSM are organized around two phases at every iteration: one 
that assures convergence to a local minimizer (poll), and the other 
(search) where flexibility is conferred to the method allowing 
searches away from the neighborhood of the current iterate. Beam’s-
eye-view dose metrics assign a score to each beam direction and can 
be used within the PSM furnishing a priori knowledge of the problem 
so that directions with larger dosimetric scores are tested first 
improving results and computational time. Locally advanced head and 
neck clinical cases were selected to test this approach. The planning 
target volumes included the primary tumor, the high and low risk 
lymphnodes. Organs-at-risk (OARs) included the parotids, the 
brainstem, and the spinal cord. For each case, a setup with seven equi 
distant beams was choosen using CERR (computational environment 
for radiotherapy research). The resulting treatment plan was then 
compared with the plan using the optimal beam setup obtained by 
PSM incorporating beam’s-eye-view dose metrics (PSM-BEVD). 
Results: For the clinical cases retrospectively tested, the use of prior 
knowledge of the patient in our tailored approach showed a positive 
influence on the quality of the local minimizer found. The objective 
function value of the fluence optimization problem was reduced in 
average more than 10% when using the optimal beam setup obtained 
by PSM-BEVD instead of the traditional equidistant beam arrangement. 
The improvement of the local solutions in terms of objective function 
value corresponded to high quality treatment plans with better target 
coverage and with improved organ sparing. 
Conclusions: PSM-BEVD has shown ability to avoid local entrapment 
and efficiency on the number of function evaluations leading to a fast 
convergence which is of the utmost importance in a busy clinical 
practice. Our results have shown that a global derivative-free beam 
angle search yields superior quality plans.  
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Purpose/Objective: Recently, there has been an increased focus on 
using diffusion-weighted magnetic resonance imaging (DWI) to 
evaluate tumor response to radiotherapy (RT). The parameter used to 
quantify tissue diffusion is the apparent diffusion coefficient (ADC). In 
this work we examine some properties of the calculated ADC for 
rectal tumors: (i) the short term reproducibility of the ADC, (ii) how 
the ADC depends on the range of b-values and (iii) the dependence on 
scan time.  
Materials and Methods: In our department, rectal cancer patients 
referred for concomitant chemoradiotherapy receive a pre-treatment 
MR scan including DWI. The DWI sequence has 11 b-values between 0 
and 1100, in-plane resolution is 3x3mm and slice thickness 4.6mm. 
Patients have received either a single DWI scan with 4 signal averages 
(NSA) or two consecutive scans each with 2 NSA. Here we present data 
from 27 patients. Regions of interest (ROI) are drawn using a semi-
automated algorithm, which, for each individual patient, selects areas 
exhibiting an atypically high signal. This is evaluated on the b = 1100 
slices. This method provides a consistent way of defining ROIs. The 
ROIs defined this way corresponds well to the areas exhibiting low 
ADC. For each patient ADC is calculated on a voxel by voxel basis by 
fitting a mono-exponential function to the signal. The ADC of the ROI 
is then defined as the mean of the voxel ADCs over the ROI.To test (i) 
reproducibility, we compare the ADC between the two 2NSA scans as 
well as evaluating the images by eye. We also examine the effect of 
applying a goodness-of-fit estimation to each fitted voxel and 
including only voxels where a mono-exponential fit is a good 
description of the signal decay.Testing (ii) ADC dependency on the 
range of b-values and (iii) on the scan time is done by comparing the 
ADCs for calculations on different subsets of b-values and signal 
averages.  
Results: We find that (i) the calculated ADCs are highly reproducible, 
with variations between the ADC from the first and second scan being 
on average 5-10% depending on the sequence of b-values used. 
However, individual scans can show much larger variation. Including 
the goodness-of-fit calculations improves the reproducibility to 2-4% 
and especially reduces cases of large differences. (ii) The ADC 
depends on the range of b-values used, showing a systematic increase 
as b-values shift towards lower values. This effect is mostly patient 
independent. (iii) We find no evidence of the number of signal 
averages affecting the ADC. 
Conclusions: We have found that for rectal tumors the calculation of 
an ADC value is (i) reproducible, but to achieve the best results, and 
especially to avoid large deviations it is preferably to include a 
goodness-of-fit estimate. (ii) The calculated ADC depends on the 
range of b-values used. The mostly patient independent nature of this 
scaling suggests, that it may be possible to make a mapping between 
different b-value ranges. (iii) The calculated ADC does not depend on 
the number of signal averages.  
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Purpose/Objective: Esophageal tumours are difficult to delineate on 
CT images as there is no distinct contrast between healthy tissue and 
the tumour. Therefore, delineation is merely based on anatomical 
abnormalities such as wall thickening. For other tumour sites (e.g. 
prostate) it was shown that diffusion-weighted MRI (DWI) can improve 
tumour visualization. Unfortunately, DWI is prone to geometrical 
inaccuracies due to distortions in the main magnetic field. Those 
distortions are most prominent at locations with changing magnetic 
susceptibility (e.g. close to air/tissue boundaries). This might prove to 
be a problem for esophageal imaging. Aim of this work is to correct 
the geometrical distortions using a magnetic field distortion map and 
to investigate the residual errors. 
Materials and Methods: Three patients eligible for neoadjuvant 
chemoradiation were included in this pilot study. A free-breathing 
DWI scan with echo-planar readout was optimized to reduce the effect 
of field distortions. Heavy diffusion weighting (b=800 s/mm2) was 
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applied to ensure sufficient contrast between restricted and 
unrestricted water diffusion. The high contrast enabled definition of 
the tumour volume by thresholding. Additionally, a magnetic field 
distortion map, a T2w MRI and a CT were obtained and co-registered. 
Two radiation-oncologists delineated the primary tumour on the T2w 
image. Geometrical correction acts in the phase encoding direction of 
the DWI and requires a distortion map and the imaging parameters. 
The distance between the borders of (1) the two delineations, (2) the 
original DWI and a delineation and (3) the corrected DWI and a 
delineation was calculated. 
Results: The figure shows the CT and MR images of patient 1. In the 
CT and T2w scan, no obvious contrast between the healthy and 
diseased tissue was observed. The DWI image revealed a distinct 
region with restricted diffusion (= dark). It is also illustrated that the 
overlap between delineation and restricted-diffusion volume improves 
after correction. Quantitative analysis showed that correction reduces 
the distance between the delineation and the DWI image in all three 
patients. Inspection of the DWI images revealed that some lymph 
nodes also exhibited a restricted diffusion. Those lymph nodes were 
not included in the delineation of the primary tumour. This partly 
explains the remaining discrepancy between the delineations and the 
thresholded volume. 
 
 Conclusions: We showed that DWI of the esophagus is possible and has 
excellent contrast between healthy and suspicious tissue. This 
enabled definition of the tumour volume using a threshold. After 
geometrical correction the tumour volume was in closer agreement 
with the delineated volume. Therefore, we conclude that 
geometrically corrected DWI is possible and eases delineation of 
esophageal cancer. In future, accuracy and robustness of geometrical 
correction will be further investigated for a larger patient group. 
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Purpose/Objective: Diffusion weighted magnetic resonance imaging 
(DW-MRI) is a functional imaging technique increasingly used for 
tumor and recurrence diagnosis, and response prediction and 
monitoring. Tumors generally show a high signal intensity in DW-MRI 
while the background is largely suppressed. Due to this high contrast, 
DW-MRI might also be a candidate to facilitate radiotherapy target 
definition. However, in the head and neck region, the echo planar 
imaging (EPI) technique commonly used for DW-MRI suffers from 
geometrical distortions. These distortions are caused by the 
susceptibility differences from air-tissue transitions that lead to 
magnetic field (B0) inhomogeneities. Due to these geometric 
distortions, current DW-EPI images are unusable for tumor delineation 
in RT treatment planning. To improve geometrical accuracy, a non-EPI 
method is preferable. Turbo spin echo (TSE) imaging is a robust 
method concerning geometrical accuracy. However, bulk motion 
during the diffusion weighting gradients causes unstable echo trains 
and destructive signal evolution in TSE sequences. Split acquisition of 
fast spin echo signal(SPLICE) has been proposed to solve this issue 
[Schick 1997]. In this work, DW-EPI images were compared with DW-
SPLICE images to assess the applicability for RT treatment planning. 
Materials and Methods: Eight patients (6 pre-treatment, 1 follow-up 
and 1 during treatment) were scanned in a RT mask at 3.0T (Philips 
Achieva) using Flex-M coils. The standard RT treatment planning 
protocol was used with a DW-SPLICE sequence added. Diffusion 
sequences: 
DW-EPI: TR/TE 3474/68 ms; EPI factor 85; max b-value 1000 s/mm2 
with 6 averages; 6 b-values; acquired voxel size 1.4 x 1.4 mm2; slice 
thickness 3.0 mm + 1 mm gap; total number of slices 30; FOV 230 x 
230 x 120 mm3; SENSE factor 2; fat suppression SPIR; acquisition time 
2m57s. 
DW-SPLICE: TR/TE 14109/123; TSE factor 53; TSE echo spacing 7.4 ms; 
TSE refocusing pulse angles 50°; max b-value 800 s/mm2 with 6 
averages; 2 b-values; acquired voxel size 2.0 x 2.0 mm2; slice 
thickness 4.0 mm; total number of slices 30; FOV 250 x 250 x 120 
mm3; SENSE factor 1.5; fat suppression SPIR; acquisition time 5m10s. 
The images were scored for tumor conspicuity, distortions, fat 
suppression and contrast/noise ratio using a 4-point grading scale 
(with 1 the worst and 4 the best score) by an experienced MR 
physicist. The scores were averaged over all patients. 
Results: Qualitatively, tumor conspicuity was better in DW-SPLICE 
b800 image (Fig. 1b, e) than in DW-EPI b1000 (Fig. 1c,f), which 
showed large geometrical distortions. This is exemplified in two 
patients before treatment (Fig. 1). Tumor anatomy in DW-SPLICE is 
comparable with T1w MRI after gadolinium administration (Fig. 1a, d), 
but enhancing areas mostly differ from regions with high signal 
intensity in the DW-SPLICE. This was also shown quantitatively by the 
higher scores for DW-SPLICE (Table 1). 
 
 
  
Conclusions: DW-SPLICE produced distortion free images. This makes 
DW-MRI applicable for delineation in RT treatment planning. However, 
this comes with the cost of longer acquisition time and increased 
blurring compared to DW-EPI. 
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